Previous cross-sectional and longitudinal studies assessing the association between age and drinking are inconsistent. Evaluating 15,425 Black and White men and women from four communities, this study sought to determine whether there was a consistent relation between age and drinking in cross-sectional and longitudinal analyses and to determine change in drinking status and level of consumption (occasional, light to moderate, and heavier drinkers) at follow-up. Cross-sectional analyses of drinking were performed for Atherosclerosis Risk in Communities examinations 1 (1987-1989) and 3 (1993-1995). The changes in drinking status and level were determined for the 12,565 persons with information at both examinations. Prevalence of drinking was generally inversely associated with age in the cross-sectional analyses for all ethnic/gender groups, and drinking prevalence decreased over the 6 years of follow-up for all except Black women. Only among Black drinkers was younger age associated with a higher level of alcohol consumption in both cross-sectional and prospective analyses. Thus, whether drinking prevalence declines, the amount consumed by drinkers is decreased, or whether both factors contribute to the decrease appears to vary with ethnicity and gender. The change in drinking level was substantial with more than 40% of baseline drinkers reporting drinking cessation or a different level of consumption at follow-up. Am J Epidemiol 2001;153:1102-11. aging; alcohol drinking; prevalence
Alcohol consumption is a lifestyle behavior that has been extensively studied for potential benefits and risks to health (1) (2) (3) (4) (5) (6) . It has been suggested that older persons may be at increased risk of adverse consequences of alcohol because of a diminished volume of distribution for alcohol due to a decrease of lean body mass (7) or because of an increased sensitivity to blood alcohol levels (8) . Alcohol consumption has been associated with negative outcomes such as cognitive decline, repeated falls, stroke, malnutrition, and social isolation when intake is heavy (9, 10) as well as beneficial effects for cardiovascular disease, resulting in a decrease in all cause mortality when intake is light to moderate (1, 3, 6) . Although there are numerous studies of the association between age and alcohol consumption (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) , research into the stability of drinking at an intraindividual level comparing cross-sectional and longitudinal associations is rather sparse and contradictory (8, 16, (22) (23) (24) . Cross-sectional studies have, in general, shown a lower level of drinking at older ages (11, 13-15, 19, 25) . Although some longitudinal studies have also found a decrease (8, 12, 16, 17) in either the prevalence of drinking or the amount of consumption, other longitudinal studies have reported either little influence of age on drinking change or an increase in drinking over time (22) (23) (24) 26) . Adams et al. (8) suggested that some of the discrepancies in the previous studies could be due to differences in the age, gender, geographic location, or other characteristics of the populations studied, or because of the inherent biases found in cross-sectional and longitudinal studies. In addition, although investigators have indicated the importance of variation in drinking by ethnicity and gender (8, 12, 27, 28) , many of the studies of intraindividual variation were limited by having a restricted population (8, 16, 22, 23, 26, 29) .
Evaluating drinking change is of importance to epidemiologic studies because it is often the persistence of lifestyle behaviors, such as smoking and drinking, that influences health (29) . As Mulder et al. (29) pointed out, most epidemiologic studies assume a relatively stable lifestyle behavioral pattern over time and do not consider fluctuations in behavior when predicting the effects of the behavior. Moreover, it has been suggested that understanding age-related drinking patterns is important because alcohol problems often correlate with the number of years of heavy drinking (19) . Identifying whether drinking change occurs among persons with heavy or lighter alcohol consumption is important because a decrease in consumption by heavy drinkers would be beneficial, while drinking cessation by light drinkers might not be of benefit (2, 30, 31) . In view of the aging US population, understanding the influence of age on alcohol consumption will take on increased importance for determining the possible risk and benefits of alcohol use and for estimating the potential for alcohol-related problems. The Atherosclerosis Risk in Communities (ARIC) population provides an opportunity to compare cross-sectional and longitudinal associations of aging and drinking in both Black and White men and women from several regions of the United States.
MATERIAL AND METHODS

Study population
The ARIC Study is a prospective study of clinical and subclinical atherosclerosis in four US communities: Jackson, Mississippi; Forsyth County, North Carolina; selected suburbs of Minneapolis, Minnesota; and Washington County, Maryland. At the baseline examination, the study included population samples totaling 15,792 persons. Approximately 12 percent of the Forsyth County study population and all of the Jackson participants were Black, while the Minneapolis and Washington County cohorts were predominantly White. Details of the study design and procedures have been previously published (32) . The current study includes information obtained from an initial home interview and from two clinic examinations separated by approximately 6 years: examination 1 (1987-1989) and examination 3 (1993-1995) . Baseline exclusions from the current study included ethnicity other than Black or White (n ϭ 48), age of <45 or >64 (n ϭ 158) years, drinking status or ethanol consumption missing (n ϭ 106), and Blacks from Minneapolis or Washington County (n ϭ 55). The present analyses are based on the 15,425 Black and White participants who remained after the exclusions (full baseline population) and on a subset of 12,565 participants who had information on drinking at both examinations 1 and 3 (restricted population).
Study variables
Trained interviewers obtained all data. Data on ethnicity, gender, and level of education were collected at the initial home interview. Information on age, alcohol consumption, and drinker status was obtained at each examination. The main dependent variables were drinking status and grams of alcohol consumed per week. At each examination, participants were asked if they currently drank alcoholic beverages. Current drinkers (drinkers) were asked how many glasses of wine (4 ounces (oz); 1 oz ϭ 40 ml), servings of beer (12 oz), and drinks of hard liquor (1.5-oz shots) they usually consumed per week. The amount of alcohol consumed in grams per week was calculated, assuming the following alcohol content: 4 oz of wine, 10.8 g; 12 oz of beer, 13.2 g; and 1.5 oz of hard liquor, 15.1 g. A drinker who reported less than one drink per week was classified as an occasional drinker, and the alcohol consumption was recorded as zero grams per week.
The level of education was used as a marker of socioeconomic status. The highest level of education completed was based on each participant's self-report. The population was divided into those with less than a high school education (did not complete high school), a high school education (completed high school, received a graduate equivalency diploma, and/or completed ≥1 year of vocational training), and more than a high school education (completed ≥1 year of college). The locations of the four field centers were evaluated as markers of community or regional effects.
Statistical analyses
SAS statistical software was used for all analyses (33) . Descriptive statistics were determined for the baseline population, and baseline characteristics were compared for those returning for examination 3 with those lost to follow-up. Because the association between age and drinking status was not linear for all ethnic/gender groups, four age categories (45-49, 50-54, 55-59, and 60-64 years) were used in the evaluation of the association. The proportion of drinkers and, among drinkers, the amount of alcohol consumed in grams per week were determined for each examination 1 age category cross-sectionally for the total baseline population and for the population restricted to participants with information on drinking at both examinations. Examination 3 crosssectional analyses were performed on the restricted subset. Logistic regression was used to determine adjusted proportions, and linear regression was used for adjusted means (34) . Analyses where age was not the primary focus were adjusted to age 55, and analyses adjusting for education were adjusted to the baseline population distribution. Regional or community adjustment varied, depending on whether the analyses were for the total population or were ethnic specific.
For further evaluation of the longitudinal drinking change, the examination 3 drinking category (status or level) was determined for each examination 1 category of drinking. Direct adjustment was used because of sparse data in some categories. Participants were classified as nondrinkers, occasional drinkers (drinkers who reported consuming <1 drink per week), and regular drinkers (reported consuming at least one drink per week). For all ethnic/gender groups except Black women (where numbers were too small), regular drinkers were further divided into light to moderate drinkers (10.8-151.2 g of alcohol or 1-14 drinks per week) and heavy drinkers (more than 151.2 g of alcohol or more than 14 drinks per week).
RESULTS
The baseline population consisted of 26.5 percent Blacks and 55.3 percent women. The population was roughly evenly distributed across the four age categories (45-49, 50-54, 55-59, and 60-64 years) and among the four ARIC communities (data not shown). Over three fourths of the population (76.4 percent) had at least a high school education. Whites (69 percent of men and 61 percent of women) reported being a drinker more often than Blacks (49 percent of men and 20 percent of women), and male drinkers reported consuming more alcohol than female drinkers (Whites: 101.8 g/week for men and 39.9 g/week for women; Blacks: 142.8 g/week for men and 51.5 g/week for women). Although Blacks reported being a drinker less often than Whites, Black drinkers consumed more alcohol than their White gender counterparts. Most ethnic and gender differences in drinking characteristics persisted at examination 3 (data not shown).
Cross-sectional comparisons
Prior to evaluating the association between age and drinking, we tested the association between drinking and two factors, educational level (as a measure of socioeconomic status) and center as a measure of community or regional differences, which previous studies had indicated were associated with drinking (13, 22) . The variation in drinking across educational levels is shown in table 1. The proportion of drinkers was higher at higher levels of education at examination 1 for each ethnic/gender group in unadjusted analyses (data not shown) and after adjusting for age and community. The amount of alcohol consumed by drinkers was inversely associated with educational attainment (table 1) , except among White women. The center, as a measure of community or regional differences, was also associated with significant variation in the proportion of current drinkers for both Blacks and Whites in unadjusted analyses (data not shown) and after adjusting for age and education (table 2) . Jackson Black men and women reported being drinkers less often than Forsyth County Blacks, and Minneapolis Whites reported being drinkers more often than Forsyth County and Washington County Whites. The proportion of drinkers did not vary between the White centers in the South, that is, Forsyth and Washington counties. The amount of alcohol consumption reported by drinkers was not significantly different across communities, although Forsyth County Black and White participants reported slightly lower levels of consumption than the respective ethnic/gender groups from the other communities.
Variation in baseline drinking prevalence and alcohol consumption across examination 1 age categories is shown in table 3. Because the distribution of current drinkers across age categories was similar in the adjusted and unadjusted analyses, only the adjusted values are reported. In general, for all ethnic/gender groups, the baseline prevalence of drinking was inversely associated with age (table  3) . The association between the amount of alcohol consumed and age category varied, depending upon ethnicity and gender (table 3) . Black women aged 45-49 years reported higher levels of alcohol consumption than those over 50 years of age. For Black men, the two younger age groups reported more alcohol consumption than the older age groups. In contrast, among Whites there was no significant variation in alcohol consumption across age groups for women, and male drinkers in the youngest age category reported the lowest level of consumption. The inverse association between drinking prevalence and age described above for the entire baseline population was also present in the restricted population at both examinations 1 and 3 as seen by the lower point estimates for drinking prevalence with increasing age category for each examination (figure 1). The amount consumed by drinkers at examination 3 showed similar cross-sectional patterns as described above for baseline drinkers (data not shown).
Longitudinal comparisons
In unadjusted analyses, 19 percent of drinkers and 12 percent of nondrinkers reported a change in drinking status at examination 3. The proportion of examination 1 drinkers who reported not drinking at examination 3 was directly associated with examination 1 age category and ranged from 17.0 percent of drinkers aged 45-49 years to 21.5 percent of drinkers aged 60-64 years. The report of new drinking at examination 3 was inversely associated with age. Among examination 1 nondrinkers, 15.9 percent of the youngest age group (aged 45-49 years) and 8.2 percent of the oldest examination 1 age group (aged 60-64 years) reported drinking at examination 3. Moreover, more Whites (85 percent of men and 82 percent of women) continued to report drinking at examination 3 than did Blacks (71 percent of men and 57 percent of women), and more men (14 percent of Whites and 18 percent of Blacks) who were nondrinkers at examination 1 reported drinking at examination 3 than did women (10 percent of Whites and 11 percent of Blacks). Overall, the unadjusted drinking prevalence decreased between examination 1 and examination 3 for each ethnic/gender group, except for Black women (figure 2A). The decreased drinking prevalence was found for each White examination 1 age category after adjustment for education and center but was found only for the two oldest age categories of Black men (figure 1). Among Black women, no age category had a significant change in drinking prevalence (figure 1). With the exception of White women, examination 3 drinkers reported consuming slightly less alcohol than did examination 1 drinkers (figure 2B). Figure 3 presents information on examination 3 drinking category (status and level of consumption) for each baseline drinking category by ethnicity and gender after adjustment for baseline age and educational categories. The most stable baseline drinking category was nondrinkers with 82-89 percent of nondrinkers continuing to abstain at examination 3 ( figure 3A) . Drinking cessation was, in general, inversely associated with the baseline level of alcohol consumption for each ethnic/gender group. Drinking cessation was higher for Blacks than for Whites for a given level of consumption ( figure 3A) . Not shown is the fact that, of the 1,367 examination 1 drinkers who reported not drinking at follow-up, 57.4 percent were occasional drinkers, 34.3 percent were light to moderate drinkers, and only 8.3 percent were heavy drinkers at baseline (unadjusted values). Although the interaction was not significant at the 0.01 level, persons aged over 55 years were more likely to become nondrinkers than were persons younger than 55 years (data not shown).
Of White drinkers and Black drinkers, 51-63 percent and 28-47 percent, respectively, continued to report the same level of consumption at examination 3 as at examination 1 ( figure 3, B-D) . A substantial proportion of heavy drinkers became light to moderate drinkers (23-38 percent) (figure 3C), and Black male heavy drinkers aged >55 years were more likely to do so (48 percent; 95 percent confidence interval: 32, 65) than were younger drinkers (28 percent; 95 percent confidence interval: 19, 38) (not shown in figure) . Relatively few heavy drinkers became occasional drinkers (2-7 percent) or nondrinkers (5-14 percent) (figure 3, B and A, respectively). Likewise, relatively few nondrinkers became occasional drinkers (8-10 percent), light to moderate drinkers (2-7 percent), or heavy drinkers (0-1 percent) ( figure 3, B-D) . Fewer than 10 percent of drinkers within any baseline category of drinking increased to the heavy drinking category at examination 3 ( figure 3D ). Overall without adjustment, more persons decreased their heavy drinking (n ϭ 453) than increased into the heavy drinking category (n ϭ 286) at examination 3.
DISCUSSION
Previous cross-sectional studies (11, 13-15, 19, 25) , as well as a study on alcohol sales (18) , have found an association between older age and lower levels of alcohol consumption. However, longitudinal studies have produced varying results (8, 12, 16, 17, (22) (23) (24) 26) . It has been suggested that population characteristics that are associated with differences in drinking behavior, as well as inherent differences in cross-sectional and longitudinal studies, could contribute to variations in study results (8, 16, 22) . The current study provides insight into the effect of aging on drinking behavior by comparing results from the two methods. In addition, the study provides specifics about changes in status and level of alcohol consumption and the relative stability of drinking among Black and White men and women.
In the total population, there were consistent associations between older age and lower drinking prevalence in crosssectional and longitudinal analyses. The lack of decrease in drinking prevalence among Black women during the 6-year follow-up may have been the result of secular trends that obscured the effect of aging (22, 35) . Thus, the consistent findings for the total population and for three of the four ethnic/gender groups of the current study indicate that aging (or factors associated with aging, such as changes in health status (36)) contributes to decreased alcohol consumption through a decrease in the prevalence of drinking.
In contrast, the variation in alcohol consumption by drinkers was less consistent. In cross-sectional analyses, only Black drinkers had a significantly lower level of alcohol consumption at older ages. However, in longitudinal analyses that compared examination 1 drinkers with examination 3 drinkers, all ethnic/gender groups except White women (who already consumed low levels) decreased their overall consumption. The relatively consistent lower consumption at older ages for Blacks in both cross-sectional and longitudinal studies supports aging, or age-related factors (36) , as contributing to the lower consumption. Secular trends or cohort effects may have contributed to the differences in cross-sectional and longitudinal associations. For White women, the level of drinking was consistent across ages in cross-sectional analyses and changed little over time, which is consistent with the greater long-term stability among women drinkers, reported by Filmore (16) .
Similar to findings of other studies, Whites reported being a drinker more frequently than did Blacks (37) , and male drinkers reported higher levels of alcohol consumption than did female drinkers (13, 14, 19, 38) .
However, community comparisons indicate that some of the ethnic variation in drinking prevalence in the current study may be due to the lower prevalence of drinking within the communities in which the Black ARIC participants resided. Regional variation in drinking prevalence has been reported by others who have suggested that social processes are involved in aggregate drinking change (13, 17, 39) . We, as Klein and Pitman (40) , found no cross-sectional variation in the amount of alcohol consumption reported by drinkers in different communities of the United States. In the current study, the educational level was directly associated with the proportion of drinkers for all ethnic/gender groups. Among drinkers, a higher level of education was associated with a lower level of alcohol consumption for everyone except White women, who reported low levels of alcohol intake for all levels of education. Cahalan and Cisin (13) reported similar cross-sectional associations between education and drinking. Although the present study is in general agreement with the studies by Adams et al. (8) , Fillmore (16) , and Fillmore et al. (17) , the findings appear to disagree with two other major longitudinal studies of intraindividual change within the United States. The Framingham Study found an increase in the percentage of drinkers and the amount of ethanol consumed over a period of 20 years (23) , and the Boston Normative Study found that age was less important than generational or attitudinal influences (22) ; however, both studies indicate that aging tends to lower drinking relative to other age groups (22, 23) . In the Boston Normative Aging Study, those over 65 years had a decrease in drinks consumed per year (22) . Moreover, although all cohorts in the Framingham Study showed an increase in alcohol consumption, presumably from the relaxation of attitudes toward drinking, the rate of increase was lower for older members of the original cohort (23) . The present study suggests that additional reasons for study variations include differences in ethnicity, educational attainment, and community or regional differences.
It is important to note how much change in drinking categorization occurred within just 6 years and the variability across ethnic/gender groups. Although the vast majority of nondrinkers continued to abstain, only 51-63 percent of White and 28-47 percent of Black drinkers (depending upon baseline level of consumption) continued to drink at the same level at follow-up. These changes could be real or due, at least in part, to misclassification. Some, but not all, of the drinking changes that occurred during follow-up (if real) would be hypothesized to be beneficial to the health of the population. In absolute numbers, more persons decreased from, than increased into, the heavy drinking category (>2 drinks/day). Because recent studies indicate that consuming two or more drinks per day places a person at increased risk of death (1, 6, 41) , this change should be beneficial. However, most drinking cessation occurred among light to moderate and occasional drinkers, which could be detrimental if light to moderate drinking is beneficial as suggested by many (2, 5, 6, 42) but not all (43) studies.
There are several limitations to the current study. Alcohol is self reported and so accuracy of consumption may vary with community views on drinking behavior. However, the method for ascertaining alcohol consumption in the ARIC Study, which includes questions about the frequency and amount consumed for beer, wine, and liquor separately, has been reported to yield the most realistic levels of intake (44) . Retention of the ARIC cohort at examination 3 was about 86.9 percent. Of the baseline participants who would have been eligible for inclusion in the current study, there were 2,860 who did not return at examination 3. In a comparison of the group who did not return at examination 3 with those who did, the groups varied by ethnicity (43.7 percent and 22.5 percent Black, respectively), examination 1 drinking prevalence (46.4 percent and 58.0 percent), and educational level (24.5 percent and 38.0 percent with more than a high school education). Among drinkers, the amount of alcohol consumption reported at examination 1 was less for those returning at examination 3 (71.8 g/week) than for those who did not return (100.9 g/week). Although the difference in mean consumption for those lost to follow-up and those returning for examination 3 was large, there was similarity in the pattern of consumption across age categories between the entire baseline population and the population restricted to those who returned at examination 3. Whether this relative consistency would have held for the longitudinal analyses cannot be determined. Another limitation is the fact that the ARIC Study is a closed cohort. Although the comparison of cross-sectional and longitudinal analyses adds support to our findings, use of data from a closed cohort does not allow the separation of an aging effect from a secular trend in our longitudinal analyses. Finally, adjustment for three levels of education is unlikely to have removed all potential confounding associated with socioeconomic status.
In conclusion, the findings of the current study indicate that aging (or factors related to aging) is associated with a decrease in drinking. Much of the decrease in the ARIC population is due to a decrease in the prevalence of drinking, although decreased consumption may play a role for Blacks. Also important is the substantial change in drinking levels that occurred within just 6 years of follow-up. Although the decrease in the prevalence of heavy drinking should benefit the population's health, the drinking cessation by light drinkers could potentially be detrimental among persons at risk for heart disease.
